This article introduces new measures of productivity growth for four industries in construction: single-family residential construction; multifamily residential construction; highways, roads, and bridges construction; and industrial construction.
deflator and an associated cost index to deflate production in most or all of construction. 2 The community engaged in construction has often requested that the U.S. Bureau of Labor Statistics (BLS, the Bureau) publish estimates of productivity growth in construction. For example, the white-collar Building Futures
Council emphasized in a white paper, "The objective of this white paper is to encourage the Bureau of Labor Statistics (BLS) to continue its initial efforts and introduce and establish improved construction productivity metrics so that productivity changes throughout the construction industry are properly reported and appropriately measured." 3 The BLS productivity program has not previously published official measures of productivity growth in construction.
The main difficulty is that buildings differ widely in their characteristics and features. Similarly, the nature of the underlying terrain varies widely among construction projects. Consequently, economists, both in general and within the BLS productivity program, have found it exceptionally difficult to develop reliable output price deflators to convert observed revenues into meaningful measures of output growth over time. Good output price deflators are therefore the key to more accurate measures of productivity growth in construction. This article uses four highquality deflators, each drawn from a different government database.
The BLS Producer Price Index (PPI) program recently released improved measures of output prices for several construction industries. These improved deflators make expanding coverage in the construction sector possible. 4 For reasons explained in the section titled "Measuring productivity growth in additional portions of construction," we use only one of the new PPI deflators. Nevertheless, the availability of many PPI deflators opens important new possibilities in the study of construction productivity. The Bureau's productivity program is currently conducting research to determine what further measures of productivity growth are feasible.
Other issues also make measuring and understanding production in construction difficult. For example, information on capital inputs in construction industries is quite limited. In addition, the input-output tables from the Bureau of Economic Analysis (BEA) report materials requirements for final projects rather than for industries. Because of the problems in measuring capital and materials inputs, this article examines only the growth of gross-output-based labor productivity. . 10 The two other industries presented match standard NAICS industries: highway, street, and bridge construction (henceforth, highways), NAICS 237310; and industrial building construction (henceforth, industrial construction), NAICS 236210.
11

Output and deflators
For our output measures, we used deflated revenues from the COC. As noted previously, we restrict our analysis to the four industries for which high-quality deflators are available. First, we developed estimates of output in census years. The main measure of output is the value of business done, as reported in the COC. This article measures, as is standard, industry output as production in all establishments classified in the industry, 12 which includes both primary and secondary products. 13 The value of business done includes revenues from both construction and nonconstruction activities.
14 Because the COC is conducted only every 5 years, output must be interpolated between census years. To do this, we use a different U.S. Census Bureau report on construction, the "Value of Construction Put in Place," which provides the best annual information on construction output. 15 We use the series for new single-family and new multifamily construction to interpolate annual output growth between census years for these two industries.
Similarly, we use the corresponding series on the output of highway and street construction to interpolate between census years for highways construction and the data on manufacturing construction to interpolate between census years for industrial construction.
The availability of each deflator determines the period over which each industry can be studied: we examine single-family and multifamily housing from 1987 to 2016, 16 highways from 2002 to 2016, 17 and industrial construction from 2006 to 2016. The four deflators come from four different sources. First, the U.S. Census Bureau publishes output price deflators for single-family residential construction, using a modified version of the deflator originally introduced in a 1969 article by John Musgrave. 18 This deflator adjusts for the characteristics of houses, such as square footage, the number of bathrooms, or the presence of a garage. 19 A house with more square feet therefore represents more house and more output. The quality of a house is measured only through these characteristics and does not reflect the quality of the workmanship or the number of defects in the completed building. 20 Second, the BEA publishes a similar deflator for multifamily housing. The multifamily residential deflator, originally developed by Frank de Leeuw, 21 likewise allows for improvements in the characteristics of new apartments, condominiums, townhouses, or other multifamily units. 22 The third deflator is the Federal Highway Administration (FHWA) National Highway Construction Cost Index (NHCCI). 23 Although the deflator is a cost index, the webpage from the FHWA specifically states that their index is intended ". . . to convert current dollar expenditures on highway construction to real or constant dollar expenditures." 24 The FHWA uses the Consumer Price Index to deflate maintenance and repair in the highways industry; however, as explained in SRMPY 2014, we use the NHCCI deflator to deflate maintenance and repair within highways. 25 The fourth deflator, for industrial construction, is from the PPI program. 26 The PPI indexes control for quality by following the cost of the same building over time. Observed price increases are therefore a pure price effect separate from any quality improvement.
SRMPY 2014 describes how output price deflators are selected for the secondary products observed within each industry. 27 Once all relevant information on the output and price of each product has been collected, we calculate a Törnqvist index of output covering all primary or secondary products produced within each industry. 28 This
Törnqvist index is the measure of output in each industry.
Labor input
Ideally, the data on inputs and output would come from the same source. Some estimates of productivity growth in construction, as shown in an article by Rojas and Aramveekul, for example, have run into difficulties because the labor-input and output data were collected from different sources. 29 Unfortunately, the COC does not contain information on some aspects of labor input, such as weekly hours of white-collar workers. However, we rely on input data from the COC as much as possible.
The COC collects information on the employment of both construction workers (workers in the various construction trades) and other employees such as professional or clerical workers. To estimate total hours, we need information on average weekly hours as well as employment. The COC provides quarterly data on total hours that construction workers worked, which can be used with employment data in determining average weekly hours. However, the COC contains no information on the hours of nonconstruction workers.
We use data from the BLS Current Employment Statistics (CES) survey to fill in the data that are missing from the COC. First, we use CES data to interpolate employment between census years. For average weekly hours, we use CES data for all years-including census years-because the data contain information on hours for both construction and nonconstruction workers. Since March 2006, the CES has reported the average weekly hours of construction workers and of all employees. Before 2006, the CES collected hours data only for construction workers. SRMPY 2014 describes how we use the CES data to estimate average weekly hours and total annual hours, including for years before 2007. 30 We convert the CES hours to hours worked using an hours-worked-tohours-paid ratio from the National Compensation Survey. This ratio accounts for vacation time accrued and sick leave taken (though not off-the-clock work).
The COC also collects information on the number of P&Ps, who account for a considerable portion of labor input in many construction industries. 31 Most of the labor hours of P&Ps occur in establishments classified as without payroll, such as a self-employed plumber who hires no additional labor. See the appendix for more information on how self-employed hours are calculated.
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Unit labor costs
In addition to the fundamental series on output and labor hours, BLS publications on industry productivity growth typically include information on the unit labor costs in each industry. Unit labor costs are defined as total labor compensation per unit of output. In census years, total labor compensation is calculated as the sum of payroll plus employer's cost for fringe benefits from the COC. Between census years, labor compensation is benchmarked to payroll data in each industry from the BLS Quarterly Census of Employment and Wages.
Since no reliable information exists on the labor earnings of the self-employed, self-employed workers are assumed to have the same hourly compensation as employees. The total compensation of employees is therefore multiplied by the ratio of total hours worked to the total hours of employees. Once the authors determine the total labor compensation of all workers, we calculate unit labor costs by dividing total compensation by output.
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Productivity growth in four industries MONTHLY LABOR REVIEW Figure 3 shows the productivity trends that emerge from the output and hours data. Over the entire period, productivity grew more rapidly in multifamily housing, as the slower hours growth observed in figure 2 might imply.
Productivity in both segments of housing declined sharply after the boom but recovered strongly in recent years, particularly in multifamily housing.
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Reporting industry productivity growth using the average annual rate of productivity growth between the first and last years of the data is common practice. However, figures 1 and 3 indicate that the housing industries have been exceptionally volatile in recent years during the housing boom, crash, and recovery. Because of this unusually high volatility, we use an alternative measure of productivity growth that is less affected by the endpoints chosen.
We instead measure long-run productivity growth through a regression framework that estimates the annual rate of productivity growth that best fits the pattern described in figure 3. Labor productivity is equal to O/L , where O is output and L is hours worked. Formally,
where t is time, measured in years. The dependent variable, log(O/L), is measured in logarithmic terms, so that the coefficient b shows the percentage change in O/L associated with a 1-year increase in time over the sample period.
As just noted, labor productivity in construction is very cyclical. Controlling for this cyclicality is important because otherwise it could distort long-run trends. The equation then becomes log(O/L) = a¢ + γ¢ log(hs) +b¢ t .
The coefficient b¢ provides an estimate of long-term productivity growth, adjusted for the number of housing starts (hs), and γ¢ shows the percentage increase in productivity associated with each percentage-point increase in housing starts. Single-family housing starts are used in the single-family equation, and multifamily housing starts observations. The results, reported as the coefficient for t, show that labor productivity increased at a rate of 1.1 percent a year in single-family construction and at 3.7 percent for multifamily construction. 38 The coefficients also
show that cyclical variation, as measured by housing starts, has a sizable impact on observed productivity; for example, each 1.0-percent increase in starts is associated with a 0.4-percent increase in observed single-family productivity.
Notes:
(1) Indicates significantly different from 0 at the 99-percent level. Source: Authors' calculations. Figure 4 illustrates the impact of housing starts on observed labor productivity. 39 It graphs the log(hs) variable multiplied by its estimated coefficient as reported in Figures 5 and 6 show the growth of hours, output, and labor productivity for highways construction and industrial construction. Since these two industries are much more stable than the housing industry, productivity growth is measured, as is the usual case, by the annual average rate of productivity growth. These procedures indicate that productivity growth was 0.0 percent a year in highways and 5.3 percent a year in industrial construction. 40 
In highways, hours declined, somewhat unexpectedly, after the 2007 recession, despite federal expenditures designed to stimulate highways construction. Extremely tight budgets in many state and local governments most likely held back employment, especially in maintenance and repair. The recession also affected manufacturing severely, so the sharp declines in output and productivity that have occurred in industrial construction after 2007
are not surprising.
Subcontractors
The numbers presented so far measure gross output per hour and are therefore consistent with many widely used measures of labor productivity growth. 41 However, in construction, many builders purchase large amounts of additional labor by using subcontractors, such as carpenters or electricians. The central measures for each of the four industries just presented do not include subcontractors, but including subcontractor labor inputs can provide a more complete picture of labor input.
This subsection examines the implications of including subcontractor labor by allocating their hours to the builders who use these inputs. Each COC collects data on the amount of output that each type of subcontractor (such as carpenters or electricians) provides to each form of construction (such as single-family or highways). The output each type of contractor provides to each form of construction is further subdivided into deliveries to new construction; to additions, alterations, or reconstruction; and to maintenance and repair. The box that follows describes how we use this information to measure the labor hours that contractors supply to each form of construction.
Determining subcontractor labor within each industry
Many builders use specialized subcontractor labor, such as plumbers or carpenters, to supplement or replace their own labor force. In a KLEMS (capital, labor, energy, materials, and purchased services) multifactor productivity framework, subcontractor labor would be accounted for through the purchase of services. 42 Since the present analysis considers only gross-output labor productivity growth, it does not account for services inputs. It is therefore useful to measure the subcontractor labor supplied to each industry and to consider the labor provided by subcontractors (often called "subs" in construction) as a supplementary labor input.
The COC collects data on the amount of output each type of contractor (such as plumbers or carpenters)
provides to each form of construction (such as single-family or highways). The COC also shows how much output each type of contractor delivers to each form of construction for new construction; additions, alterations, or reconstruction; and maintenance and repair.
To determine how much labor subcontractors provide to builders in any industry, we assume that subcontractor deliveries (of output) for additions, alterations, or reconstruction are twice as labor intensive (have twice the labor-output ratio) as deliveries for new construction. Similarly, we assume that output delivered for maintenance and repair is 3 times as labor intensive as output provided to new construction.
These ratios are assumed to hold true for deliveries from every type of contractor and to remain constant over time. Given these assumptions, we can estimate how much labor a particular type of contractor allocates to each different type of production if we know the fraction of revenues derived from each type of construction.
Assume, for example, that carpenters supply 60 percent of their total output (deliveries to all sectors, not just to home building) to new construction, 20 percent to additions and alterations, and another 20 percent to maintenance and repair. Along with the labor-output ratios of 1, 2, and 3, we can write
where L is the total labor input employed by carpenters and x helps explain how much labor input is used in each function. The logic of this equation is that the hours committed to new construction plus those to additions, alterations, or reconstruction and those to maintenance and repair sum to the total hours provided. We measure the labor committed to each of these three alternatives by the proportion of output multiplied by the labor-output ratio. Solving equation (1) for x yields x = L/1.60. Thus, the fraction of total labor that carpenters supply to new construction is 0.60/1.60, and 0.375 of all carpenter subcontractor labor is delivered to new construction. Once we determine the amount of labor delivered to new construction, this amount can, in turn, be allocated to specific industries. For example, if 80 percent of carpenter output delivered to new construction is supplied to single-family-home building, then we estimate that 30 percent (0.800 × 0.375) of all carpenter contractor labor is supplied to single-family-home building. Once the labor that carpenters, plumbers, roofers, electricians, and every other type of contractor indirectly supply to single-family housing has been established, the sum of labor inputs provided from each source determines total subcontractor labor input. We perform these calculations for each type of contractor in each census year.
Of course, the accuracy of our estimates of contractor labor depends on the validity of the assumed laboroutput ratios of 1, 2, and 3. Our earlier studies of construction productivity (SRMPY 2014) shed some light on this approach. 43 We found that residential remodelers (NAICS 236118), which is an important component of housing improvement and repair, have roughly half the output-labor ratio (twice the labor-output requirement) of new housing construction. Many of the contractor industries have considerably lower values of labor-output (higher labor output) requirements. We also consulted with several experts on construction, and the consensus reached was that the 1, 2, and 3 assumption is reasonable. 44 Finally, we examined several alternative labor-output requirements values, such as 1, 2, and 5, and found that such alternatives did not substantially alter our results. We plan to examine the effect of subcontractors more fully once we analyze the COC microdata..
We find that subcontractor labor is an important part of total labor hours. In 2012, subcontractor labor accounted 7D ]), subcontractor labor grew slightly less than direct labor. Table 2 reruns the analysis of table 1, on the basis of equation (2), with labor inputs defined as direct plus subcontractor labor. With this expanded concept of labor input, the 1987-2016 rate of productivity growth does not change much, at 1.2 percent a year, in single-family housing but is greatly lower, 1.9 percent a year, in multifamily housing. 45 Figure 8 illustrates productivity trends using the broader definition of labor input. For the period, all the available evidence (tables 1 and 2, figures 3 and 8) indicates that long-term productivity growth has been positive in both housing industries.
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(1) Indicates significantly different from 0 at the 99-percent level.
(2) Indicates significantly different from 0 at the 95-percent level.
Notes: Regressions are based on equation (2) Figure 9 shows long-term productivity growth in the two other industries, highways and industrial construction, when we adopt the broader concept of labor. 46 Productivity growth was -2.2 percent a year in highways and 5.5 percent a year in industrial construction. Table 3 summarizes all the relevant estimates of productivity growth, as determined by the various methods and procedures. Except in highways, all estimated growth rates are positive.
The regression estimates for single-family housing suggest slightly greater long-term productivity growth than do the compound growth calculations. Labor productivity growth is substantially lower in multifamily housing and in highways when labor inputs include the labor obtained from subcontractors.
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Note: All data in this table report annual rates of labor productivity growth.
Source: Authors' calculations.
Discussion
Many studies have used aggregate data for the entire construction sector and have found that productivity in construction has been stagnant or negative for almost 50 years. 48 Other experts are skeptical that such results can be true. Allmon and colleagues have shown that productivity has increased in many tasks that are typical in construction. 49 Similarly, BLS productivity data report that capital per hour increased 2.0 percent annually in construction from 1987 to 2015; these capital inputs include technology-intensive forms of equipment such as construction machinery and computers. Our article improves on previous research by using appropriate output deflators to develop measures of productivity growth in four industries in which the deflators are more reliable. The measures are more reliable because the deflators are specifically designed for each industry. Three of the four industries show clear and strong productivity growth. Productivity growth in these industries remains positive if subcontractor labor also is included. This evidence tentatively suggests that productivity growth has been positive in construction. However, the data do not yet include contractors and other portions of construction in which additions, alterations, or reconstruction and maintenance and repair are important. Productivity growth may be slower or negative in these other portions of construction. Therefore, it is too early to conclude that productivity growth has been positive in the construction sector as a whole. 52 The evidence that productivity growth is positive in some construction industries brings up another question. How Table 4 shows that the average annual productivity growth in these construction industries is roughly comparable to productivity growth in nonconstruction industries. However, productivity growth is the slowest in the largest two industries (single-family housing and highways). 54 In addition, the industries considered here accounted for only about 11 percent of the total hours in construction in 2012. 55 Therefore, it is still too early to determine whether productivity growth is greater in construction than in other industries. However, the evidence from the individual industries provides little support so far for the hypothesis that the rate of productivity growth has been abnormally slow in construction. These early studies included three of the four industries covered in the present article: single-family homes, multifamily homes, and highways. These studies also examined federal office buildings, hospitals, commercial office projects, and schools. Other articles considered college dormitories and sewer lines.
References to this work include The focus of the construction-input-requirement program was to measure labor employment per unit of output or how much employment could be obtained for a given expenditure of output. Some of these studies examined how these requirements changed over time. These estimates were considered useful in guiding macroeconomic policy. Information on labor-input requirements shows the amount of employment that increased expenditures in any field of construction can generate.
At the time that the studies were conducted, reliable output price deflators were not available, so the work of the Office of Productivity and Technology on labor-input requirements was never converted into acceptable measures of productivity growth over time. The entire construction-input-requirements program was abandoned in the early 1980s because of budgetary pressures.
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Measuring productivity growth in additional portions of construction
As we noted earlier, the PPI program has started publishing deflators for a number of detailed additional portions of construction. 59 The PPI now publishes measures for the construction of warehouses, schools, offices, healthcare buildings (including medical offices and hospitals), and industrial buildings. The PPI also publishes deflators for contractor services, which includes electricians, plumbers (including heating and air conditioning), roofers, and concrete contractors; however, each of these contractor deflators covers only nonresidential construction.
In this study, we used only one of these deflators (for industrial construction). Therefore, to obtain measures of output and labor input compatible with the new PPIs, we need to use the COC microdata to determine exactly which establishments specialize in the construction of warehouses or offices or which contractors specialize in nonresidential construction. Once we have reclassified the COC establishments in a way that is consistent with the new PPIs, we can easily add the output and employment (including P&Ps) observed in each PPI category. 61 Access to COC microdata also opens up the possibility of answering further questions about construction. For example, it will be possible to examine the extent to which productivity varies across establishments within these construction industries and whether economies of scale play a role in this variation. The BLS productivity program hopes to continue this research effort and to determine whether it is possible to prepare reliable measures of multifactor productivity growth for selected industries in construction. However, any such plans are subject to the availability of resources.
Conclusions
This article has presented measures of productivity growth in four industries in construction. The results so far suggest that, contrary to earlier studies, productivity growth has typically been positive. This evidence contrasts sharply with the aggregate evidence, which indicates that productivity growth in construction, as a whole, has been negative or zero for half a century.
There is good reason to doubt the aggregate estimates. Specifically, the deflators used to construct these estimates do not account for the broad range of construction activity. Our estimates, which use deflators that more closely match industry output, indicate that productivity in three of the four industries has been positive and robust over our sample period. Further research on additional portions of construction, using COC microdata and the new PPIs, will help fill out the overall picture.
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Self-employed worker hours
We estimate self-employed worker hours as the number of self-employed workers multiplied by their average weekly hours. We estimate the number of self-employed workers as the number of partnerships multiplied by the The BLS Current Population Survey is the only source for hours worked by P&Ps. The census industry codes used in the Current Population Survey provide no detail on specific construction industries. Therefore, we assumed that average weekly hours of P&Ps wee the same in each construction industry and equal to the overall average for construction. 70 As in the earlier treatment of employee hours, we multiplied the number of P&Ps by their average weekly hours and multiplied that total by 52 to arrive at the total hours worked by self-employed workers in each industry in construction in each census year.
As just noted, the number of P&Ps has to be interpolated between the 1987 and 1992 censuses and between the 1992 and 1997 censuses. We benchmarked self-employment to the corresponding series for paid employees in each industry.
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Interpolation between census years
Output, employee hours, and P&P hours must be estimated for noncensus years for one to calculate annual labor productivity measures. Two central decisions must be made in preparing such imputations. First, which series should we use to interpolate the different data elements between census years? Second, if the census data and the interpolating data series exhibit different 5-year growth rates between census years, how is this discrepancy resolved? The present subsection addresses these two issues.
The "Value of Construction Put in Place" report from the U.S. Census Bureau provides good information on the annual growth of output between census years. 72 However, the growth rate of output in the "Value Put in Place" data typically differs from the growth rate in the COC data. In these circumstances, as explained in SRMPY 2014, 73 we benchmarked our interpolating series to the actual COC data and assumed that one-fifth of the entire 5-year discrepancy occurs in each of the 5 years between actual census data. This assumption smooths out the annual discrepancy between our interpolating variable and the actual COC data. 8 The data for single-family and multifamily housing refer largely to new construction. Additions, alterations, or reconstruction and maintenance and repair conducted on residential housing primarily appear in residential remodelers, NAICS 236118. We do not include residential remodelers because a reliable output price deflator is not available for that industry. Some elements of additions, alterations, or reconstruction and maintenance and repair are included as secondary products.
9 For-sale builders are builders who produce homes on land that they own or control, rather than on land the customer owns. These builders typically construct houses on their own account and eventually sell the house to a buyer. the-books undocumented immigrants probably overstate long-term productivity growth in overall construction by only 0.1 or 0.2 percent a year. We hope to examine the shorter-term effect of undocumented immigrants, especially in housing, further in future work.
In a personal conversation with the authors, Ken Simonson, chief economist of the Associated General Contractors of America, suggested that in many areas of construction, crews of workers, especially concrete and wallboard installers, electricians, and plumbers, can work on either residential or nonresidential projects. Simonson believes that many workers employed by and counted in nonresidential construction were drawn into housing during the boom and left housing in the ensuing collapse. Such unmeasured labor shifts could similarly exaggerate the cyclical variation observed in housing productivity, overstating productivity gains in the boom and also exaggerating productivity declines in the crash. Simonson emphasizes that these possibilities illustrate the importance of accurate information regarding the employees engaged in residential or nonresidential work. The rapid productivity increase observed in multifamily housing in 2012-15 also is an outlier. We suspected that this implied rapid productivity growth might partially reflect a shift toward more multifamily building in higher priced cities. However, an analysis of census data on housing permits in each metropolitan area, along with 2012 Bureau of Economic Analysis data on regional price parities for rents in metropolitan areas, allow for subcontractor labor. These additional series provide further insights and information about construction productivity.
However, the reader should be aware that when the construction data are updated annually, BLS will emphasize the data series that measures the annual productivity growth of directly employed labor. The BLS prepares consistent data on the productivity of directly employed labor in many different industries, which makes it much easier to compare productivity trends across industries. Consistent data make productivity comparisons across industries much more reliable. 52 The text so far has developed evidence for productivity growth within buildings (housing, industrial construction) and within heavy construction (highways). However, no evidence has yet been presented for contractors. Two difficulties limit what can be said about productivity growth among contractors. First, the available evidence covers only the 2007-12 period, during which, as the discussion of housing has demonstrated, rapid output declines can bring concomitant declines in productivity growth. Second, the available Producer Price Index (PPI) deflators refer to only the nonresidential component of each contractor industry, whereas the existing productivity information covers each contractor industry, both residential and nonresidential. Nevertheless, in the spirit of full disclosure, this endnote applies the nonresidential deflator to each corresponding full contractor industry. The 2007-12 estimates of annual productivity growth are then as follows:
These results certainly suggest that productivity growth may have been negative in the important contractor industries. The problem is that no way exists to determine whether these negative productivity growth rates fundamentally reflect the sharp output declines that occurred during this period. In addition, we cannot yet measure productivity growth among the nonresidential contractors that match the new PPIs. Therefore, until data for further years become available and until productivity information for actual nonresidential contractors can be collected, no reliably accurate way exists to determine what productivity growth has been among contractors.
53 Using individual industries as the comparison group is more appropriate than using the nonfarm business sector as a whole, because the output concepts are more comparable. It is well known that measures of productivity growth based on value-added concepts, as used within the nonfarm business sector, typically show greater rates of productivity growth than estimates based on gross output.
54 Table 7 55 However, these same industries represent almost 20 percent of total output in construction because the housing industries account for more of output than of directly employed labor. 56 The relatively low productivity growth in single-family housing and in highways, the two largest of our four industries, suggests that productivity gains in the sum of the four industries could potentially be relatively low. On the other hand, the balance of the evidence clearly shows that productivity growth has been positive, rather than negative or zero.
57 On the basis of a personal conversation with authors, a reader noted that the measure of revenues includes subcontractors and that the corresponding measures of labor input should therefore preferably also reflect subcontractor labor. This point gives added credence to the lower, but still generally positive, estimates of productivity growth that include subcontractor labor. However, the available output price deflators reflect the gross value of a final construction product, rather than builder value added, so we cannot simply remove contractor services from our measures of gross output.
58 Note that 
